A method was developed to estimate hygroscopic growth factor (f(RH)) of aerosol light-scattering coefficient (b sp ), making use of the measured size-and chemically resolved aerosol samples. In this method, chemical composition of the measured aerosol samples were first reconstructed using the equilibrium model ISORROPIA II. The reconstructed chemical composition, which varies with relative humidity (RH), was then employed to calculate b sp and hygroscopic growth factor of b sp (f sp (RH)) using the Mie model. Furthermore, the calculated f sp (RH) was fitted with an empirical curve. To evaluate the applicability of f sp (RH), the curve of f sp (RH) was used to correct the long-term records of the measured b sp from the values under comparative dry conditions to the ones under ambient RH conditions. Compared with the original b sp data, the f sp (RH)-corrected b sp had a higher linear correlation with, and a smaller discrepancy from, the b sp derived directly from visibility and absorption measurements. The f sp (RH) determined here was further compared with that reported in previous studies. The method described in this manuscript provides an alternative approach to derive credible f sp (RH) with high accuracy and has many potential applications in aerosol-related research.
Z. J. Lin et al.: An alternative method for estimating f (RH) of aerosol light-scattering coefficient
species established by laboratory measurements and numerical parameterization studies. On the other hand, f sp (RH) can be estimated through simultaneous measurements of b sp of both dry and ambient aerosols (the latter is in equilibrium in ambient RH conditions) using nephelometers (Malm et al., 2003; Xu et al., 2002) . Recently, experiments were carried out with more advanced measurement techniques in order to determine f sp (RH) of various aerosol types (Zieger et al., 2011 (Zieger et al., , 2013 .
In the Pearl River Delta region of South China, air visibility degradation, the so-called haze problem mainly caused by severe aerosol pollution, has attracted the attention of the public and the scientific community (Wu et al., 2005) . Intensive haze episodes have sometimes occurred along with wet weather, suggesting the necessity of assessing the impact of a high-RH environment on haze formation. For this purpose, a series of field experiments were conducted to understand aerosol optical properties and the related hygroscopic behavior in the Pearl River Delta region. One of these experiments was carried out from October to November in 2004 at Xinken (Cheng et al., 2008a, b; Zhang et al., 2008b) , a suburban area of Guangzhou, in which HDMPS, TDMPS, MOUDI and APS instruments were utilized to determine the particle size hygroscopic growth factor and optical refractive index under various RH conditions. b sp and f sp (RH) were then calculated based on the Mie model. Another experiment was performed in July 2006 within the urban area of Guangzhou to derive b sp from visibility and absorption measurements and to compare with the nephelometer-measured ones in order to quantify f sp (RH) (Liu et al., 2008) . Although these two methods are credible and have significant scientific meanings, the first one relied on a combination of complicated instruments, which is not always practical for long-term and simultaneous observations at multiple locations, whereas the second one could not be utilized to examine the effect of hygroscopic chemical species and their mixing state on the hygroscopicity of aerosol population. From 2009 to 2010, a continuous study was conducted at the observation site of the South China Institute of Environmental Sciences (SCIES) located in an urban area of Guangzhou. During this period, chemical composition of PM 2.5 and particle number size distribution measured by APS were integrated into the Mie model calculation for developing a practical method to estimate f sp (RH) . Results from the above study suggested the importance of a complete particle number size distribution for improving performance of the developed method. However, f sp (RH) introduced by the studies mentioned above still need to be further evaluated with long-term measurement results.
With the aim of further development of a practical method estimating f sp (RH) in mind, the size-and chemically resolved aerosol samples collected in SCIES observation site during 2010 were utilized to estimate f sp (RH) in the present study. The determined f sp (RH) was then applied to correct the long-term measured b sp from the nephelometer from 2008 to 2010. A comparison between the f sp (RH)-corrected b sp and that derived from visibility and absorption measurements served as an evaluation of the determined f sp (RH). In addition, the contribution of RH to the enhancement of b sp and ω 0 in the urban area of Guangzhou was separately quantified based on f sp (RH).
Methods

Experimental
The SCIES observation site (23 • 07 N, 113 • 21 E) is situated in the downtown area of Guangzhou. All instruments were installed on the roof of a building about 53 m above the ground. This site was built with a clear view of the surrounding area, in which there are residential buildings and a park about 500 m to the northeast. There is no obvious air pollution source within 3 km of the site except for traffic emissions. The map showing the location of SCIES and surroundings can be seen in a previous study . At this field site, fine-particle concentrations and aerosol optical properties, as well as gaseous pollutant concentrations and key meteorological parameters, have been recorded and studied since 2005 (Tao et al., 2009 (Tao et al., , 2012a (Tao et al., , b, 2014 .
In this work, size-segregated aerosols were collected by a high-flow cascade impactor with particle cut-off sizes at 10, 2.5, 1.4, 1.0, 0.44 and 0.25 µm. The impactor was operated at a flow rate of 100 L min −1 for approximately 24 h to collect one set of filter samples. All the samplings were performed from May to June (4, 8, 12, 16, 20, 24, 26 May; 5, 12, 18 June) and November to December (12, 14, 16, 18, 20, 22, 24, 26, 28, 30 November; 2, 4, 6, 8 December) in 2010, considering the former period as the wet season (denoted "ws") and the latter as the dry season (denoted "ds") in South China. OC (organic carbon) and EC (elemental carbon) were measured by a carbon analyzer following the NIOSH 5040 protocol. A detailed description of the measurements of OC and EC and the related bias is provided in the Supplement. Major water-soluble inorganic cations (Na + , NH + 4 , K + , Mg 2+ and Ca 2+ ) and anions (SO 2− 4 , NO − 3 and Cl − ) were detected by an ion chromatograph. The cations were separated on an Ionpac CS12 analytical column with a CG12 guard column using 20 mM of methane sulfonic acid as an eluent, whereas the anions were separated on Ionpac AS14 and AG14 columns with a mixture of 4.5 mM of Na 2 CO 3 and 1.4 mM of NaHCO 3 as an eluent. More information on chemical analysis procedures mentioned above are described in another paper .
The concentration of BC was measured using a Magee AE-31 aethalometer with a flow rate of 5 L min −1 . The sampling air passed through a PM 2.5 cutter and a drying tube before entering the aethalometer. The instrument was calibrated to zero by replacing the old filter in the canister inlet with a clean one every week. The concentration of NO 2 was measured by a Thermo 42i gas analyzer. The measured b sp was derived from a TSI 3563 Nephelometer. Calibration of the nephelometer was performed using carbon dioxide as the high-span gas and filtered air as the low-span gas. The nephelometer drew ambient air through a temperature-controlled inlet at a flow rate of 20 L min −1 . Meteorological parameters including visibility (VIS), ambient RH, air pressure (PRES) and air temperature (TEMP) were recorded every 30 min. Visibility was observed using a VAISALA PWD22 present weather detector. Ambient RH, PRES and TEMP were measured by weather probes in VAISALA QMH102. Meteorological instruments were all mounted at 3 m above the platform of the observation site. Table 1 summarizes all the measurement techniques in this study.
Reconstruction of aerosol chemical composition using ISORROPIA II model
Taking mass concentrations of the measured water-soluble ions as input, the thermodynamic model ISORROPIA II was used to reconstruct the chemical composition of particles which were considered as supersaturated solution droplets in real atmosphere (Seinfeld and Pandis, 2006 (Fountoukis and Nenes, 2007) . The extent of SO 2− 4 abundance and the related potential major compounds are described in Table 2 . If any portion of NO − 3 or Cl − remained, they were combined with H + to become HNO 3 or HCl. CaSO 4 was assumed to be completely insoluble. As mentioned earlier, E-AIM is another popular tool for aerosol chemical composition reconstruction, and is what the measured water-soluble ions in this study were processed with in one instance. A comparison between the pri- The mass concentration of POM (particulate organic matter) was estimated to be 1.6 times that of OC for urban aerosols (Cao et al., 2007; Turpin and Lim, 2001; Xing et al., 2013) . Unlike water-soluble components, the water absorbed by POM was not considered here due to the lack of (1) adequate data for the speciation of WSOC in POM and (2) the accurate RH dependence curve for WSOC. EC was also not assumed to undergo hygroscopic growth.
Calculation of b sp using the Mie model
The reconstructed chemical composition in Sect. 2.2 was then used to calculate b sp on the basis of Mie theory. Optical properties of aerosol population can be calculated with particle number concentration and the scattering/absorption efficiency of a single particle (Bohren and Huffman, 1998) . Three different assumptions of particle mixing state (Bond Table 3 . Density and optical refractive index of each chemical component. and Bergstrom, 2005; Seinfeld and Pandis, 2006) are concerned here, which are "internally mixed" (volume averaged), "externally mixed" and "core-shell mixed" (encapsulated) (denoted below by subscripts int, ext and cs, respectively). The formulas for the Mie model calculations with these mixing states assumptions are described by Eqs. (1), (2) and (3), respectively, where the subscripts i and j denote the ith chemical component and the j th stage of particle size, respectively.
Q sp/ap is the single-particle scattering/absorption efficiency, the calculations of which can be found in the study by Bohren and Huffman (1998) . λ represents the light wavelength and refers to 550 nm throughout this work. D is the particle volumetric equivalent diameter and was calculated based on the median cut-off aerodynamic diameter (D a ) of the employed cascade impactor and the particle density (ρ) (see Eq. (4) below). N stands for the particle number concentration and was calculated using Eq. (5). C in Eqs. (5) and (6) refers to the mass concentration of reconstructed chemical component. α stands for the component's volume fraction and was calculated using Eq. (6). m (= n + ki) is the particle optical refractive index (ORI). Values of ρ and m are stated in a previous study by Lin et al. (2013) and are also listed here in Table 3 . Computational codes of the calculations mentioned above were integrated into MATLAB scripts for batch processing.
Estimation and parameterization of f sp (RH)
The water-soluble fractions of aerosol, such as ammonia sulfate and sodium chloride, absorb more water in environments with higher RH. Thus, aerosol chemical composition varies with RH, and the density and ORI of aerosol particles changes as a result. The RH input into ISORROPIA II can be tuned in a desired range, and then chemical composition at a certain RH can be determined by the model. This illustrates a way to simulate RH dependence of b sp based on the Mie model making use of ISORROPIA II. f sp (RH) is the ratio of b sp (RH) to b sp (RH 0 ), where RH 0 refers to an RH condition under which particles are considered to be too dry to grow. It should be noted that particle number concentration in each particle size range was assumed to be unchanged through hygroscopic growth. Equation (4) had to be modified for calculating b sp (RH). As D in Eq. (4) was determined under ambient RH conditions, hygroscopic growth of particle size, D(RH), should be considered when RH conditions change. Therefore, hygroscopic growth factor of particle size, g(RH), which is the ratio of D(RH) to D(RH 0 ), was included in Eq. (4) to form Eq. (7).
g(RH) in Eq. (7) can be calculated using Eq. (8) from a previous study .
V water of both internally mixed particles and core-shell mixed particles are referred to the total volume of water absorbed by particles. V water under this circumstance can be determined based on the total amount of water predicted by ISOR-ROPIA II. However, with regard to externally mixed particles, V water cannot be determined from ISORROPIA II because the amount of water separately absorbed by each hygroscopic chemical component was not recorded in model output due to the model design. To overcome this problem, an assumption was made in light of a previous paper (Cheng et al., 2008a ): an externally mixed particle is considered to be composed of three groups of components. To form one of the three groups, inorganic salts and water mixed with each other following the volume-average rule; POM and EC formed the other two groups. These three groups were externally mixed with each other. This three-group mixing state was denoted "semi-externally mixed" for simple description below. Accordingly, the water amount predicted by ISORROPIA II can still be utilized to quantify V water of the group mixed with inorganic salts and water. For the convenience of future applications, f sp (RH) was usually parameterized empirically, and the following function was found to be the best curve fitting:
RH within a range of 0.12 to 0.96 was recorded at our site from 2008 to 2010. Furthermore, ISORROPIA II was run under the metastable state, which allows particles to absorb water at low-RH conditions. Therefore, RH 0 in Eq. (9) was initially set to 0.10, and then the values of f sp (RH) at RH in the range of 0.10 to 0.96 were determined.
Evaluation of f sp (RH)
Particles drawn into the nephelometer were heated for the purpose of RH control. b sp measured by the nephelometer was corrected by f sp (RH) to its value in the ambient environment where particles underwent hygroscopic growth. Eq. (10) describes such correction, where b sp,cal stands for the f sp (RH)-corrected b sp .
Before the correction using Eq. (10), the nephelometermeasured b sp was first corrected for angular nonidealities following the method presented in the study by Anderson and Ogren (1998) . Also, b sp can be estimated by Eq. (11) based on visibility and absorption measurements (Seinfeld and Pandis, 2006) and is denoted b sp,mea below:
In Eq. (11), b ext,mea represents the total light extinction coefficient and was derived from visibility following Eq. (12), which is stated in the users' manual of PWD22. b ag,mea stands for light absorption by gaseous pollutants and was estimated practically by mass concentration of NO 2 following Eq. (13) (Pitchford et al., 2007) . C NO 2 and M NO 2 in Eq. (13) are mass concentration and molecular weight of NO 2 , respectively.
Light scattering by air, denoted b sg,mea , was calculated using Eq. (14) (Seinfeld and Pandis, 2006) . The mass concentration of BC, C bc,880 nm , was used to estimate b ap at a light wavelength of 532 nm following a linear relationship described in Eq. (15) (Wu et al., 2009 ). The 532 / 550 added to Eq. (15) is to correct b ap,mea from its value at 532 nm to that at 550 nm (Bergstrom et al., 2002) .
b ap,mea = 8.28 · C bc,880 nm + 2.23 · 532 550
Finally, the correlation between b sp,cal and b sp,mea was examined using linear regression, which was considered as an evaluation of the determined f sp (RH). A summary of the fundamental data involved in this evaluation is shown statistically in Table 4 .
Results and discussion
Reconstructed aerosol chemical composition
Measured inorganic ions were needed as model input for ISORROPIA II to reconstruct aerosol chemical composition. The ions, as well as OC and EC, were collected from May to June and November to December in 2010. First, the data were briefly examined to ensure data quality (Fig. 1) . The charge equivalence of cations was highly correlated to that of anions in each particle size range (Fig. 1a) , and a slope of 1.00 was found in the linear regression, indicating the balance of charge equivalence among the ions. This balance warranted the proper functioning of ISORROPIA II and high accuracy of the modeling results (95 ± 5 % according to mass conservation of chemical species between the model input and output data). The mass concentration of ions peaked in the size ranges of 0.44-1 µm and 2.5-10 µm, which can be explained by the different dominant ions in different size ranges (e.g., Zhang et al., 2008a) . The correlation between the mass of OC and EC is shown in Fig. 1b . Note that mass concentrations of OC and EC in the size range of >10 µm were not weighed in the laboratory and thus are not shown in Fig. 1b . EC and OC had significant linear correlations in size ranges of 0.44-1 µm and 2.5-10 µm, with R 2 being 0.58 and 0.73, respectively.
The reconstructed aerosol chemical composition was briefly discussed below. It should be noted that the total mass of each aerosol sample mentioned throughout this paper is the sum of all the determined chemical components. The unidentified components were initially assumed to be negligible in mass and light-scattering effect compared to the determined ones.
Figures 2 and 3 present the reconstructed aerosol chemical composition. The major chemical compounds in aerosols were (NH 4 ) 2 SO 4 , Na 2 SO 4 , NH 4 NO 3 , NaNO 3 , K 2 SO 4 , CaSO 4 , Ca(NO 3 ) 2 , H 2 O, POM and EC. As illustrated in major inorganic salts accounted for about 35-55 % of the total mass in particles larger than 0.44 µm, and less in smaller particles. In contrast, POM and EC contributed about 40-60 % in particles smaller than 0.44 µm and about 15-35 % in larger particles. Generally, calcium salts and NaNO 3 were mostly in coarse particles, whereas ammonia salts, Na 2 SO 4 and K 2 SO 4 were in fine ones. The mass fraction of each major compound differed between the wet and dry season, with a distinct difference in water content. The mass fraction of K 2 SO 4 significantly increased in the dry season compared to that in the wet season, whereas that of sodium salts decreased. Although the mass fraction of each major compound varied with season, the size distribution pattern of each major compound was similar between the two seasons (Fig. 3) . Specifically, (NH 4 ) 2 SO 4 , Na 2 SO 4 and K 2 SO 4 peaked in the size range of 0.44-1.0 µm; NaNO 3 , CaSO 4 and Ca(NO 3 ) 2 in 2.5-1.0 µm; and NH 4 NO 3 , H 2 O, POM and EC had two peaks, one of 0.44-1.0 µm and another of 2.5-1.0 µm.
b sp of the mixed aerosol
ORI of aerosol particles is one of the key parameters for calculating b sp , and can be determined by the volume ratios of the reconstructed chemical constituents for mixed particles. ORI of internally mixed particles represents the integrated property of the particle population. Following the volumeaverage rule,the calculated ORI of internally mixed particles tended to exhibit the ORI of the chemical component which has the largest volume fraction in particles. As illustrated in Fig. 4a and b, due to smaller water fractions (Fig. 3) , the real part of ORI of particles in each size range generally increased in the dry season when compared to that in the wet season. Larger EC fractions in smaller particles accounted for a larger imaginary part of ORI. This phenomenon was more obvious in the wet season than in the dry season.
b sp was calculated after inputting all the required parameters into the Mie model. For validation, the modeled b sp was compared with b sp derived from visibility and absorption measurements. These two data sets covered the same time periods from May to June and November to December in 2010. Regardless of particle mixing state, the modeled b sp had strong linear correlations with the measured b sp , with R 2 reaching around 0.85 (Fig. 4c) . However, the regression slopes deviated from 1.00 and the model calculation only matched around 45 % of the measured magnitude. The potential cause for this discrepancy could be a truncation error in the model calculation, as the range of each size bin of the employed impactor was too wide to obtain a highresolution particle number size distribution. Not considering the contributions of the unidentified chemical constituents to b sp in the calculation could be another potential cause to some extent. At the same time, b ap calculated using the Mie model was validated with b ap derived from the aethalometer (Fig. 4d) . Figure 4d indicates that the modeled b ap was also highly correlated to the measured one in spite of the particle mixing state. On the other hand, the modeled magnitude of b ap largely depended on particle mixing state, which was 104, 34 and 88 % of the measured magnitude for b ap,int , b ap,ext and b ap,cs , respectively. This result implies that the portions of particles in different mixing states could be estimated.
Parameterization of f sp (RH)
The model-calculated b sp in the present study can be utilized to derive f sp (RH) (= b sp (RH) / b sp (RH 0 )) considering the existence of strong linear correlations between the modeled and the measured b sp . In addition, b sp (RH 0 ) and b sp (RH) should both be subjected to the same type of truncation error, which would eventually minimize the impact of the truncation error on their ratio f sp (RH).
It is found that the model-calculated b sp for externally mixed was very close to that for semi-externally mixed ( Fig. 4c and d) . Thus, b sp for semi-externally mixed was used to determine f sp (RH) in the following discussions in order to take advantage of the total water amount predicted by ISOR-ROPIA II. Accordingly, the subscript "ext" below is referred to semi-externally mixed. Figure 5 plots the average f sp (RH) (referred to RH 0 = 0.1) generated from all 24 aerosol samples and the related standard deviations. f sp (RH) for the three different mixing states were all similar, as the differences were in the range of −5 to 1 % at RH between 0.1 and 0.9. f sp (RH) generally increased with increasing RH, and reached around 2.77 at RH of 0.9. The standard deviation of f sp (RH) increased to nearly 8 % of the average f sp (RH) value at RH of 0.9. It can be inferred that the seasonal variations in particle chemical composition, as well as the changes of particle mixing state, only had a small impact on f sp (RH) under most RH conditions.
A two-parameter function, such as Eq. (9), could be more suitable for practical application if one of the two parameters is set to be a constant. Since parameter a in Eq. (9) controls the rate of hygroscopic growth, tuning parameter b is reasonable and comprehensive. Ranging parameter b from −0.1 to 0.4 with increment of 0.05, the average of a, the standard deviation of a, the average residual of curve fitting and the average correlation coefficient of curve fitting by Eq. (9) among all samples were examined ( Table 5 ). The best fitting using Eq. (9) can be achieved by setting parameter b to 0.15, 0.25 and 0.05 with regard to f sp,int , f sp,ext and f sp,cs , respectively, since the standard deviation of a, as well as the average residual of curve fitting, reached the valley point while the average correlation coefficient of curve fitting stayed at a high level. In comparison, setting parameter b to zero for all the three mixing states can also have a comparatively low standard deviation of a and a low average residual while maintaining a high average correlation coefficient. Therefore, for simplicity, parameter b was set to zero in Eq. (9) for all the mixing states, and the corresponding parameter a was 0.5379, 0.5093 and 0.5443 for f sp,int , f sp,ext and f sp,cs , respectively. Under this circumstance, the variation of parameter a had correlations with the mass fraction of water-soluble inorganic salts in dry particles, with the correlation coefficient being 0.74, 0.86 and 0.62 for f sp,int , f sp,ext and f sp,cs , respectively. This implies that the larger the portion of the water-soluble inorganic salts is, the higher the hygroscopic growth rate of b sp will be.
Evaluation and application of f sp (RH)
To evaluate the f sp (RH) curve developed above, the nephelometer-measured b sp was corrected with f sp (RH) (referred to as b sp,cal ) and then compared with b sp derived directly from visibility and absorption measurements (referred to as b sp,mea ). As an example, f sp,int was used and the comparison results are presented in Fig. 6 . The data sets involved in the comparison covered the period of March 2008 to April 2010 and were grouped based on the month of the year in order to show any possible seasonality. During this period, the monthly average ambient RH was in the range of 0.56-0.78, higher than that inside the nephelometer, which was in the range of 0.43-0.63 (Fig. 6a) . Figure 6b illustrates the number of validated data (NVD) in the comparison.
A linear regression with zero intercept was used to correlate b sp,cal and b sp,mea . Before applying f sp (RH) correction to the nephelometer-measured b sp , the correlation between b sp,cal and b sp,mea had a R 2 around 0.70 and a slope ranging between 0.45 and 0.84. With f sp (RH) correction, R 2 was in a narrow range of 0.83-0.94 whereas the slope was in the range of 0.66-0.99. Note that the slopes in August, September, November and December approached 1.00. Applying f sp,ext or f sp,cs into the corresponding b sp correction showed similar results to using f sp,int . Clearly, the f sp (RH) correction remarkably improved the correlation and the agreement between b sp,cal and b sp,mea .
It is worth mentioning that our observation site is located in a region with a wet climate. Each aerosol sample inside the nephelometer was heated in order to keep the instrument functioning properly. As mentioned in Sect. 3.1, aerosols absorb more water during the wet season, and thus the heating drove off water and probably lowered b sp irreversibly. Moreover, this study only considered the hygroscopic growth of water-soluble fractions in inorganic salts and did not include the hygroscopicity of water-soluble fractions in POM. However, water-soluble fractions in POM could significantly grow with RH higher than about 0.6 (Gysel et al., 2004) . These two causes could play a large role in the discrepancies between b sp,cal and b sp,mea during February and April, despite including f sp (RH) correction at that time.
For further evaluation, f sp (RH) in this study was compared with that reported in previous studies ( Table 6 ). Note that Contribution of RH to bsp and ω0 enhancement the values of f sp (RH) in Table 6 were all calculated based on the ratio of b sp (RH) to b sp (RH 0 = 0.3) in order to have proper comparisons among results from various studies. RH dependence of f sp (RH) obtained in this work was consistent with that from other studies, though some small differences existed. Specifically, (1) when compared with the direct measurement results (Liu et al., 2008; Malm et al., 2003) , f sp (RH) determined here was slightly underestimated, and the underestimation generally greater as RH increased; (2) when compared with the result from a numerical study also without considering the hygroscopicity of water-soluble organic fractions (Cheng et al., 2008a) , f sp (RH) determined here had only a slight overestimation; (3) when compared to the result from another numerical study , f sp (RH) in this study was slightly underestimated at RH between 0.30 and 0.76 and overestimated at higher RH. Given the fact stated in point 2, it is speculated that including hygroscopic growth of water-soluble organic fractions and the potential hygroscopicity of the unidentified chemical component in the f sp (RH) calculation will minimize the underestimation discussed in point 1. Regarding point 3 above, when compared with the results from this study, the previous study might have underestimated the mass fractions of watersoluble species in particles of certain size ranges as particles' chemical compositions were uniformized in all particles' size ranges there. Overall, the method described in this paper employed simple measurements and modeling procedures to derive credible f sp (RH) with high accuracy, which is particularly suitable for long-term and simultaneous field studies at multiple locations. Furthermore, the enhancement of b sp and ω 0 by RH from 2008 to 2010 in the urban area of Guangzhou can be quantified with f sp (RH). The enhancement of b sp , b sp , is defined as the ratio of (b sp (RH amb )-b sp (RH = 0.1)) / b sp (RH = 0.1), while the enhancement of ω 0 , ω 0 , is calculated as (ω 0 (RH amb )-ω 0 (RH = 0.1)) / ω 0 (RH = 0.1). Note that ω 0 was derived from the nephelometer and aethalometer measurement results, and (Cheng et al. 2008a ).
the hygroscopicity of absorption effect was not considered here. As illustrated in Fig. 7 , b sp had two peaks respectively in February and June, and a valley point in October. Under ambient RH conditions, b sp was strengthened by 67-104 % from January to August and by 35-60 % from September to December. At the same time, the enhancement of ω 0 ranged around 6-9 % from January to May, peaked at around 12 % from June to July, and then dropped to nearly 4 % in October before bouncing back to about 6 % in November and December.
Uncertainties
Potential sources of uncertainties in this study include direct measurements, laboratory analysis and parameters chosen in model calculations. Table 7 lists the uncertainties attributed to input parameters of f sp (RH) calculation. Accordingly, the overall uncertainty of calculated f sp (RH) was estimated to be 9.38 % using Eq. (16), where U i refers to the uncertainty of the ith parameter:
Summary and conclusion
By making use of size-and chemically resolved aerosol samples, the aerosol chemical composition under a desired RH condition was reconstructed using ISORROPIA II model. The major chemical constituents were (NH 4 ) 2 SO 4 , Na 2 SO 4 , NH 4 NO 3 , NaNO 3 , K 2 SO 4 , CaSO 4 , Ca(NO 3 ) 2 , H 2 O, POM and EC. The mass fractions of H 2 O and K 2 SO 4 obviously differed between the wet and dry season. Although the mass concentrations of the major constituents varied with season, their mass size distribution showed similar patterns between the two seasons. Calcium salts and NaNO 3 were mostly in coarse particles, while ammonia salts, Na 2 SO 4 and K 2 SO 4 were in fine ones. Aerosol optical properties were calculated using the Mie model based on the reconstructed aerosol chemical composition. The modeled b sp correlated well with the measured b sp . The model magnitude of b sp was smaller than the measured one by a factor of 2, which was probably caused by the truncation error delivered from the lowresolution measured particle number size distribution. f sp (RH), the hygroscopic growth factor of b sp , can still be determined on the basis of the modeled b sp under desired RH conditions, considering not only the strong linear correlations between the calculated and the measured b sp but also the minimum impact of the truncation error in the calculated b sp on f sp (RH). After fitting by an empirical curve, f sp (RH) was applied to correct nephelometermeasured b sp . With f sp (RH) correction, the linear correlation between nephelometer-measured b sp and visibility-derived b sp was significantly improved to a higher level, and the discrepancy between these two data sets was reduced substantially. This result served as an evaluation of the determined f sp (RH). A good agreement between f sp (RH) values developed here and those reported in previous studies further suggests that the method described in this paper is capable of deriving credible f sp (RH) with high accuracy by merely employing simple measurements and modeling techniques. As an example of f sp (RH) application, the enhancements of b sp and ω 0 in ambient RH conditions were assessed for the urban area of Guangzhou. One lesson learned from this study is that the RH-controlled procedure inside the nephelometer should be carefully used in future experiments since the heating could lower b sp of the aerosol sample irreversibly. Moreover, the contribution of hygroscopic growth of water-soluble organic fractions to f sp (RH) needs further investigation.
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